Physiologic, metabolic, and histochemical characteristics of one upper airway (UA) dilator muscle (musculus uvulae; MU) differ between sleep apnea hypopnea syndrome (SAilS) and nonapneic snorers.
breathing disorders are frequently observed in the general population (1). They are characterized by the presence of repetitive episodes of complete or partial upper airway (UA)2 closure, which account for the occurrence of apneic and hypopneic events. These breathing abnormalities are observed when there is an imbalance between the different forces that tend to occlude and dilate the UA. The main factors involved in this equilibrium are UA caliber, UA collapsibility, and UA flow regimen characteristics, modifications in the first two being responsible for the changes in the aerodynamic pattern (2) (3) (4) . Several studies have reported an increase in UA collapsibility in patients with a sleep apnea hypopnea syndrome (SAHS), both when awake and asleep (3, 5, 6 ). Several factors can account for this increase in UA collapsibility, such as the changes in UA shape and dimensions and the characteristics of mucosal and submucosal UA tissues (7, 8). UA patency depends on the dilating forces generated by the adapted contraction of UA dilator muscles such as tensor palatini, genioglossus, geniohyoid, and sternohyoid. Their contraction precedes the beginning of inspiration (9, 10), and the force developed by these muscles depends on their level of activity and on the mechanical effectiveness of their contraction as determined by their length-tension relationship (11). The dilating forces developed by these UA muscles are opposed to the collapsing forces in trying to counterbalance the decrease in UA patency and increase in UA collapsibility that characterize these patients.
SAHS patients have more phasic genioglossus electromyographic (EMG) activity than awake (12) or sleep- The FASEB Journal
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ing control subjects (13). This elevated muscular activity is attributed to a rise in the efferent neural activity in order to compensate for the increase in UA resistance and compliance observed in these patients (2, 3, 5) . We have recently found that the capacity for tension production of one UA dilator muscle (musculus uvulae; MU), its total protein content, and its glycolytic capacity are greater in SAHS than in nonapneic snorers (14). The total number of muscle fibers and the proportion of type IIA fibers of MU were also greater in SAHS subjects than in snorers. 
METHODS

Subjects
The patients included in the present study (n = 20 subjects, 19 males, age 45 ± 7 years, body mass index: 31.0 ± 5.1 kg/rn2, mean ± SD) had a conventional polysomnographic study within 60 days before an uvulopalato-pharyngoplasty (UPPP) for treatment of snoring or SAHS (18) . SAHS patients were not treated for their sleep-related breathing abnormalities, and no treatment was initiated between the sleep recording and the surgical procedure. All subjects had normal thyroid function tests and were on no medication. The first step of the protocol always consisted of finding the muscle optimal length (L0), defined as the length at which maximal isometric twitch tension was produced.
Muscles were then allowed to equilibrate with the incubation medium for 25 mm. At the end of the equilibration period, a twitch contraction was elicited and the following measurements were obtained: maximum twitch tension (P,), contraction time (CT), and half-relaxation time (RT#{189}). Immediately after measurement of the twitch parameters, a force-frequency curve was obtained by stimulating the muscle for 700 ms at frequencies of 20, 35, 50, 80, and 100 Hz. Muscles were given a 60 a rest between each tetanic contraction; maximum tetanic tension (P0) usually was obtained at 80 or 100 Hz. A 5 mm rest period followed the last tetanic contraction. (Fig. 3A) (Fig. 4) . 
SD),
was positively correlated with awake Pent (Fig. 4) asleep, linear regression analysis was performed. Significance was considered when P was less than 0.05.
RESULTS
Seventeen
SAHS and three nonapneic snorers participated in the study. Pcrit could not be determined during wakefulness in four subjects (three SAHS and one snorer) whereas contraction properties could not be measured in three other SAHS subjects or histochemical analyses performed in another patient for technical reasons. The lowest Pm value applied during the CNAP procedure ranged from -7 to -21 cm H20 (-13 ± 4 cm H20). There was always a significant relationship between the maximal inspiratory flow of flow-limited breathing cycles and the mask pressure measured during wakefulness (correlation coefficient range: 0.5-0.8) and during sleep (r: 0.6-0.9). The awake Pcrit value was -31.9 ± 9.7 cm H20 in snorers and -26.7 ± 8.3 cm H20 in SAHS subjects. During sleep, it was -4.1 ± 2.2 cm H20 and -1.6 ± 2.8 cm H20, respectively ( (Fig. 2) , no correlation being found between this index and Pent measured during sleep (r = 0.11, P = 0.6).
The activity values of the different enzymes of anaerobic pathway (PbS, CK, and PFK) were positively corre- Petit values and the minimum pressure level applied during CNAP. Therefore, the validity of awake Petit measurements was not altered by the way we analyzed awake UA collapsibility.
DISCUSSION
As previously mentioned, the force developed by the contraction of UA muscle dilators plays an important role in the maintenance of UA patency. The EMG activity of these muscles is in part determined reflexly by the transpharyngeal pressure gradient; the greater the gradient, the higher the EMG activity (33, 34). On the other hand, changes in genioglossus (GG) activity are inversely correlated with UA resistance and UA collapsibility (38). However, we are not aware of any previous report on the influence of UA collapsibility on UA muscle characteristics.
We found that the changes in awake UA collapsibility can largely account for the physiologic, metabolic, and histochemical characteristics of MU. This influence of UA collapsibility most likely is due to the reflexly mediated effect of negative UA pressure on UA muscle activities. Indeed, apart from the intensity of The FASEB Journal SERIES FTAL As previously discussed, our results can be explained by an increase in muscle activity in response to UA collapsibility.
The negative relationship we found between MU fatigability index and diurnal UA collapsibility suggests that the adaptative increase in muscle activity may be associated with a progressive rise in fatigability with increasing UA collapsibility. This finding is in agreement with the fact that skeletal muscles submitted to high-intensity resistive strength training protocol show hypertrophy and quite often increase in fatigability when measured in relative force (46). The greater rate of tension decline in the strength-trained muscles has been linked to a more rapid depletion of muscle ATP and creatine kinase as well to the increase in energy requirements imposed by the higher tension output in these trained muscles.
The fatigue test used in the present study has also been shown to give a good measure of the muscle overall endurance that quite often is related to the proportion of muscle area occupied by type I muscles fibers.
We found a significant positive relationship between Fl and the surface occupied by type I muscle fibers. This further supports the hypothesis that MU mus- 
